Introduction
Parvovirus B19 (B19V) is a single-stranded, non-enveloped DNA virus and 1 of the smallest viruses (19-25 nm diameter) overall. Infections with B19V are widespread in human populations and usually occur by droplet transmission via the upper respiratory tract. However, B19V is also a common transfusion-transmissible agent, in particular through pooled plasma derivatives [1, 2] but also by cellular blood components [3] [4] [5] .
In the majority of the affected individuals, B19V infections cause rather harmless clinical pictures, e.g. erythema infectiosum ('fifth disease') in children or an arthropathy with favorable outcome in adults. In particular in adults, B19V infections often go unnoticed by the affected individuals due to the subclinical, asymptomatic course.
Nevertheless, there are 2 patients groups at risk for a more severe and more threatening clinical picture of the B19V infection: patients with increased red blood cell destruction resulting in high erythrocyte turnover, and pregnant women due to transplacental infection of the fetus. In the former patient group, B19V infection may result in a transient aplastic crisis and in the latter group in severe fetal anemia with consecutive hydrops fetalis and fetal death [6, 7] .
Etiological for both clinical manifestations is the tropism of B19V, which uses the P-antigen as the cellular receptor [8] to enter the host cells by endocytosis, resulting in their infection and apoptosis [9] . The P-antigen is mainly expressed on red blood cells and their precursor cells, but also on megakaryocytes, on placental cells and on fetal myocardium [7] , explaining the distinct clinical picture of B19V infection.
The impact of B19V infection, either by transfusion or by droplet transmission, in the at-risk patients mentioned above has been well characterized. However, whether B19V infection impairs the blood count in asymptomatic blood donors is not known. An effect of the B19V infection on the blood counts of healthy individuals was described many years ago in a few ex-
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Summary
Objectives: Parvovirus B19 (B19V) is a transfusion-transmissible virus. To obtain data about the prevalence, incidence, the course of B19V infection in blood donors and whether B19V might impair their blood counts, samples from blood donors with B19V infection were investigated. Methods: Blood donations were screened for B19V DNA using the Cobas TaqScreen DPX Test ® in minipools. B19V DNA concentration, anti-B19V IgG antibody titer and blood counts were determined in positive donors. Results: 157/23,889 (0.66%) donors provided 347 B19V DNA-positive samples. Prevalence of B19V infection was 0.45%, incidence 0.20%. B19V DNA concentrations were predominantly low; only in 8 samples were viral loads of 10 5 IU B19V DNA/ml plasma detectable. Besides a slight decrease in hemoglobin, hematocrit, mean corpuscular volume, mean cellular hemoglobin and mean hemoglobin concentration, no major differences in blood counts occurred in B19V DNA-positive samples. In samples with a low B19V DNA concentration, anti-B19V IgG titers were rather high. 98 donors provided at least 1 B19V DNA-positive follow-up sample, indicating a prolonged viremia. Conclusions: B19V infection induced no major impairment in the blood counts. In donors with low-level viremia, infectivity through their donations is probably reduced by high antibody titers. Low-level viremia is prolonged, probably exceeding 1 year in many cases.
Statistical Analysis
Comparisons of mean blood count values and anti-B19V IgG titers were performed by t-test using SPSS version 19 (IBM GmbH, Ehningen, Germany). A p value < 0.05 was considered statistically significant.
Results
Demographic Data, Prevalence and Incidence of B19V DNA
In 2011, 23,889 donors (6,658 first-time and 17,231 repeat blood donors) were screened for B19V DNA. 157/23,889 (0.66%) donors tested positive for B19V DNA. 79 were female, 78 male, with an overall median age of 36.0 years. From these donors, 53,789 (whole blood, platelet and plasma) donations were obtained, of which 326 (0.61%) tested positive for B19V DNA. 21 additional B19V DNA-positive samples were obtained from the 157 donors without taking a donation. Of the donors tested positive for B19V DNA, 46 (29.3%) were first-time donors and 111 (70.7%) repeat blood donors. 77/111 (69.4%) of the repeat blood donors were already B19V DNApositive when tested the first time during the study period, and 34/111 (30.6%) provided at least 1 B19V DNA-negative sample and became infected within the study period. The resulting prevalence from these data was 0.45% (77/17,231 repeat blood donors already infected at the beginning of the study period) and the annual incidence was 0.20% (34/17,231 repeat blood donors infected during the study period).
Plasma B19V DNA Concentration in Infected Donors
The majority of samples had a rather low B19V DNA concentration. While in 69/347 samples (19.9%) a DNA concentration of < 75 IU/ml was detectable, in 8 (2.3%) samples a high DNA concentration of >10 5 IU/ml was found, including 3 samples with DNA concentrations exceeding 10 10 IU/ml. The distribution of the B19V DNA concentrations in the 347 samples is given in figure 1 .
Blood Count in B19V-Infected Blood Donors
Compared to the 100 B19V DNA-negative samples, there were no differences in the quantity of leukocytes, red cells and platelets in 345 B19V DNA-positive samples (table 1; in 2 samples, the blood count was not investigated). However, the mean Hb value, hematocrit (Hct), mean corpuscular volume (MCV), mean cellular Hb (MCH) value and mean Hb concentration (MCHC) of the 345 B19V DNA-positive samples were slightly, but statistically significantly lower (table 1) than in controls.
The blood counts were not influenced by the magnitude of the DNA concentration: the 8 B19V-positive samples with a DNA concentration of 10 5 IU/ml revealed no major differences compared to the control group, with the exception of the leukocyte count. Moreover, comparison of these 8 samples yielded no statistically significant differences in Hb, Hct, MCV, MCH and MCHC compared to the 100 control samples (table 2) . perimentally infected volunteers [10, 11] , and B19V-associated anemia has been reported in otherwise healthy subjects [12] [13] [14] .
Besides obtaining more epidemiological data and data on B19V DNA concentrations, antibody titer and the course of B19V infection, the aim of our study was to determine whether B19V infection in healthy blood donors has an effect on their blood counts.
Patients and Methods
Screening of Blood Donors for B19V
In 2011, all blood donations at the Institute of Transfusion Medicine of the University Hospital of Schleswig-Holstein in Northern Germany were screened for B19V DNA using the Cobas TaqScreen DPX Test ® (Roche diagnostics GmbH, Mannheim, Germany; 95% limit of detection (LOD) provided by the manufacturer: 11.5 IU/ml, linear range 75-3.0 × 10 8 IU/ml) in minipools of up to 96 samples 6 weeks after donation. The Cobas TaqScreen DPX Test allows the simultaneous detection of B19V DNA and hepatitis A virus RNA, and was performed according to the manufacturer's recommendations on a Cobas AmpliPrep/Cobas TaqMan 96 System (Roche).
Plasma supernatant of each donor sample was separated from the cellular components within 18 h after sample drawing using a liquid handling workstation (Tecan Genesis RMP 150, Tecan, Crailsheim, Germany) and pooled. The minipools were stored at <-30 °C until B19V nucleic acid testing (NAT). Furthermore, for each donation, additional archive samples were obtained and stored at <-30 °C for resolution of minipools. Each minipool that tested positive for B19V DNA was resolved, irrespective of the DNA concentration. The DNA concentration of each B19V DNA-reactive sample was then assessed by individual-donor NAT. If the DNA concentration in a sample exceeded the linear range of the assay, the sample was investigated again after dilution.
Although cellular blood components already had been released by the time that B19V DNA testing was performed, fresh frozen plasmas (FFPs) were not released before B19V DNA testing. FFPs obtained from donations that presented B19V DNA concentrations of >10 4 IU/ml were discarded. If feasible, samples from donors who had already tested positive for B19V DNA at their previous donation were not pooled, but were directly investigated using individual-donor NAT 6 weeks after donation. From some of the donors testing positive for B19V DNA, additional blood samples were obtained between 2 donations for further B19V DNA testing, i.e. without taking a donation.
The study was approved by the local ethics committee.
B19V Antibody Testing
The presence of IgG antibodies against B19V was determined by enzyme-linked immunosorbent assay (ELISA; anti-parvovirus B19-ELISA, EUROIMMUN, Lübeck, Germany). Assays were performed as recommended by the manufacturer.
Blood Count
No predonation hemoglobin (Hb) measurement, e.g. by finger-prick sampling, preceded the blood donation in the Institute of Transfusion Medicine. Instead, a complete blood count of each donor was performed using a UniCel ® DxH 800 analyzer (BeckmanCoulter, Krefeld, Germany) using an EDTA blood sample drawn from the sampling pouch for diversion. The red blood cell unit of a donation was released if the Hb level of the donor was at least 11.6 g/dl, screening for B19V DNA was performed in any case. For donors presenting an Hb level of <12.5 g/dl (female) or <13.5 g/dl (male), at the next occasion Hb levels were determined before the blood donation and Hb levels of 12.5 g/dl and 13.5 g/dl, respectively, were mandatory for donation. Blood counts of 100 donors testing negative for B19V DNA served as controls.
Juhl/Steppat/Görg/Hennig Furthermore, all hematological data for the different subgroups displayed in figure 1 were compared with each other and to those of the B19V DNA-negative samples (table 3) If samples with DNA concentrations between 999 and 75 IU/ml were compared to those with DNA concentrations of <75 IU/ml, differences that were statistically significant in 2 parameters were calculated (MCHC: p < 0.0001, platelet count: p = 0.047).
Comparisons of the samples with rather low DNA concentrations (999-75 IU/ml and <75 IU/ml) with the negative controls yielded several statistically significant differences: 999-75 IU/ml to negative controls: Hb: p = 0.001, Hct: p = 0.007, MCV: p = 0.029, MCH: p = 0.004 and MCHC: p = 0.001; <75 IU/ml to negative controls: Hct: p = 0.036, MCV: p = 0.001, MCH: p = 0.029. All other differences were not statistically significant.
To exclude a significant myelosuppression in the context of acute B19V infection, the blood counts of 20 donors presenting an acute B19V infection during the study period were compared to the values measured in the preceding, B19V DNA-negative donation as well as to the values measured by the consecutive donation, which was already available. However, again no differences were obvious (table 4) .
Anti-B19V IgG Titer
The anti-B19V IgG titers according to B19V DNA concentration are given in figure 2. In 2 of 3 samples with a DNA concentration of >10 10 , no anti-B19V IgG was detectable; 1 of these samples showed a result close to the cut-off of the assay.
The mean IgG titer of the samples with 10 5 IU/ml B19V DNA was significantly lower than that for all other groups (p = 0.033 vs. 
Duration of B19 Viremia
Of the 157 donors, 98 (62.4%) provided at least 1 further donation or sample during the study period: mostly, these Juhl/Steppat/Görg/Hennig
Discussion
Using the Cobas TaqScreen DPX Test ® for the screening our blood donors for B19V DNA, we determined the prevalence of ongoing B19V infection to be 0.45% with an annual incidence of 0.20%. The analytical sensitivity of test (95% LOD: 11.5 IU/ml as given by the manufacturer) was somewhat higher in an investigation by Koppelman et al. [15] ; they determined the analytical sensitivity to be 20.3 IU/ml; however, Müller et al. [16] did confirm the LOD given by the manufacturer in their evaluation of the test.
We found a higher prevalence of B19V DNA-positive donations than Schmidt et al. [17] in another B19V DNA survey in Germany and Austria. They calculated an average rate of B19V infection of 12.7 per 100,000 donations (with DNA conconsecutive samples, drawn after a mean interval of 92 days, also tested positive in individual NAT for B19V DNA. In 9/98 (9.2%) donors, the first follow-up sample tested negative for B19V DNA, and in 1/98 (1.0%) donor, the second follow-up sample tested negative for B19V DNA. However, 3/10 donors who in between tested negative became positive again for B19V DNA in 1 of the further follow-up samples.
Figures 3a and b display the time course of viremia and the anti-B19V IgG titer in 2 donors for whom several samples were obtained over a longer period. The donor presented in figure 3c became infected sometime between day -28 (date of the last B19V DNA-negative donation in 2011) and day 0, the first positive donation. The DNA concentration had already decreased to 20,252 IU/ml, indicating a rather short period of high level viremia at some time within the last 4 weeks. with the assumption that these changes in hematological parameters were mainly detectable in the samples with lower DNA concentrations (<10 4 IU/ml, table 3), obtained from donors with a probably more long-lasting B19V infection. Moreover, to detect these changes, a large number of B19V DNApositive samples had to be investigated. The changes were not detectable in lower numbers of samples with high DNA concentration (table 2) or in the context of newly acquired B19V infection (table 4) . Moreover, the decrease in these parameters did not fall below their normal values, and, therefore, ongoing B19V infections and the associated, slight hematological changes are probably without any clinical relevance for otherwise healthy individuals.
However, it is now certain that blood donors with B19V infection may transmit their infection to the recipients of their donated blood products. There have been numerous reports describing the transmission of B19V infection through plasma derivatives (for overview see [21] ), resulting in the recommendation of a general B19V NAT testing of plasma pools, which should be discarded if the B19V DNA concentration exceed 10 4 IU/ml [1] . There is no such recommendation for single plasma units for therapeutic use and for cellular blood products, although single cases of transfusion-transmitted (TT) B19V infections have been reported. In a donor-recipient-linked study, Kleinman et al. [4] showed that TT-B19V infections through blood products from donors with lower DNA concentrations (< 10 6 IU/ml B19V-DNA) are uncommon: the amount of infectious B19V is either insufficient or high titers of protective, neutralizing antibodies are existent. Although we have not traced the recipients of our B19V DNA-positive blood products so far, our data endorse at least the last assumption: in samples with B19V DNA of <10 5 IU/ml, more anti-B19V IgG was present ( fig. 2, 3) . We did not perform a Western blot to distinguish between neutralizing and non-neutralizing antibodies. However, antibodies against VP1, which are considered to be neutralizing [7] , are detectable in the advanced stage of B19V infection, when DNA concentrations already decline [17] . Therefore, it can be assumed that the antibodies in the samples with B19V DNA levels of <10 5 IU/ml are also directed against VP1 [17] . That could lead to a sufficient neutralization of infectious virions, while lower IgG titers in samples with B19V DNA of 10 5 IU/ml could indicate either antibody adsorption from the plasma onto the virus surface (and complete or partial neutralization), or (more probable) a recently acquired B19V infection without any previous antibody formation and the presence of a large quantity of infectious virus. However, in neither case can the presence of B19V IgG prevent TT-B19V infection through low-level viremic donations. A single case has been reported of TT-B19V infection through a red blood cell unit from a donor with a B19V DNA concentration of <10 4 , despite the presence of anti-B19V IgG [3] . The cause might be the immaturity of these antibodies and their presumably low avidity, but no antibody titer was given in the report. centration of >10 5 IU/ml) and 261.5 per 100,000 donations (DNA concentration of <10 5 IU/ml), respectively, after a longer observation period of 4 years. Based on our prevalence data (326/53,789 donations B19V DNA positive), we calculated an overall rate of 606.1 B19V DNA-positive donations per 100,000 (or 1 in 165 donations), including 14.9 of 100,000 (or 1 in 6,724) donations with high DNA concentrations of 10 5 IU/ml within 1 year. Although the analytical sensitivity of the NAT tests used in our survey and that of Schmidt et al. are comparable, there are differences in the procedure for preparing pooled samples for nucleic acid extraction. Furthermore, not all B19V DNA-reactive minipools were resolved by Schmidt et al., but only those containing > 10 5 IU/ml B19V DNA. Therefore, comparisons between the B19V DNA surveys are difficult. However, the incidence of B19V infection is dependent not only on the season (with a higher incidence in the spring [18] ) but also -with intervals of several years -recurrent small BV19 epidemics occur [7, 17, 18] . It is possible that our study happened to be performed during such a B19V epidemic. Moreover, it can be assumed that numerous donations with low B19V DNA concentration below 1,000 IU/ml were missed due to B19V DNA screening in plasma pools containing up to 96 samples, and therefore, prevalence of B19V infection was yet higher in the study period.
Although we did not perform any specific inquiry among our donors concerning symptoms of B19V infection, we can assume that the overwhelming majority did not suffer from any symptoms. If B19V infection in adults is accompanied by any clinical manifestations, these are usually unspecific, rather flu-like symptoms, and blood donors are asked about such unspecific symptoms in our questionnaire. However, a hematological impairment, even if only laboratory confirmed, has to be assumed (due to the distinct tropism of B19V [7, 10, 11, 19, 20] ), not only in at-risk patient groups, but also in otherwise healthy individuals. For that reason, we investigated the blood counts of the B19V DNA-positive samples and compared them to the values measured in 100 B19V DNA-negative samples. While the differences in the samples with higher DNA concentrations (>10 4 IU/ml), especially the leukocyte count in samples with DNA concentrations 10 5 IU/ml, are most probably attributed to the low number of samples, we could not detect any major hematological changes with regards to the counts of red cells or platelets, in any B19V DNA-positive sample, or in those presenting high B19V DNA concentrations (tables 1 and 2). Even in the context of newly acquired, acute B19V infection, there were no numeric differences in the red cells or platelets (table 4). The incidental finding of a slight but significant decrease in Hb, Hct, MCV, MCH and MCHC in 345 B19V DNA-positive samples remains unexplained; we can only speculate on whether and how an ongoing B19V infection might influence the iron metabolism and/or iron recovery in erythroid precursor cells. It is possible that these changes reflect a slight iron deficiency, which is frequently found in ongoing infections. This is in line uted to a B19V epidemic during the year 2011. No major impairment occurred in the blood count of the infected blood donors, with only a slight decrease in Hb, Hct, MCV, MCH and MCHC being observed, without any clinical relevance. Decrease in B19V DNA concentration was accompanied by an increase in anti-B19V IgG titer, which might be protective for transfusion recipients, but which cannot definitely resolve an infection within 1 year. To determine the time period of the prolonged B19 viremia is an issue for future research, as are the reasons for the incomplete elimination of B19V from the plasma.
